Abstract CD44 is involved in cancer-cell growth, invasion, proliferation and metastasis and is also a causal factor for acquisition of resistance to apoptosis. Therefore we evaluated different SNPs of CD44 gene viz.
Introduction
Cancer is a biggest threat globally and is the second most common disease in India responsible for maximum mortality with about 0.3 million deaths per year. Bladder cancer is the 9th most common cancer worldwide, with an estimated 74,000 new cases expected to occur in 2015 [1] . Bladder cancer incidence is about 4 times higher in men than in women. Bladder cancer incidence rates decreased from 2007 to 2011 by 1.6 % per year in men and by 1.1 % per year in women. An estimated 16,000 deaths will occur in 2015, 72 % of which will be in men [1] . In males, it is the fourth most common cancer (4 % of male total), whilst it is the 13th most common cancer in females (2 % of female total) [2] . As a general prevalence, in India, out of 1, 00,000 people 3 males and 1 female develop BC each year [3] .
Cancer stem cells having the property to self renew, differentiate, proliferate and migrate and hence they play an important role in tumorigenesis and disease progression. CD44 is a cell surface transmembrane glycoprotein which is expressed in a variety of cells and tissues of hematopoietic, epithelial, endothelial, and mesodermal origins [4, 5] . Earlier studies predicted that CD44 is involved in a number of physiological processes including lymphocyte migration and extravasation, lymph node homing, and lymphocyte activation and apoptosis [6] . CD44 has a well documented role in tumor metastasis [7] . CD44 plays role in cellular signaling cascades by participating in signal transduction processes. For signal transduction it establish transmembrane complexes and also organize signaling cascades through association with actin cytoskeleton thereby promoting membrane motility and tumor cell migration. CD44 monitors change in ECM and hence influence cell growth, survival and differentiation [8] . CD44 signaling is crucial in cancer-cell growth, invasion, proliferation and metastasis. CD44 is also a causal factor for acquisition of resistance to apoptosis [9] . Considering the flourishing evidences entailing the role of CD44 in a wide variety of tumorigenic processes and the complexity of the CD44 gene it is credible that the functional genetic variants of CD44 gene may help sub-populations at high risk for early tumor recurrence in various cancers.
Thus, we hypothesized that CD44 polymorphisms may play an important role in bladder cancer development and may have potential significance as molecular prognostic markers, as CD44 polymorphisms have not been extensively studied in bladder cancer particularly in North Indian population.
Risk factors for the development of BC can be classified into different subsets like genetic and molecular abnormalities, chemical or environmental exposures, and chronic irritation [10] . Genetic susceptibility and gene environment interaction (e.g., gene-smoking and gene-occupational exposure interactions) in bladder cancer aetiology has been well documented in different populations [11] . So, in the present study, a case-control investigation was performed for 5 SNPs of CD44 gene out of which 2 SNPs i.e. CD44rs13347 C/T and CD44rs4755392 A/T are located in the 3 0 UTR region and the other 3 SNPs i.e. CD44rs187115 C/T, CD44 rs353639 G/T and CD44rs187116 A/G are situated on Intron-1 of CD44 gene, to analyze their contribution in risk prediction of BC and the associations between risk factors and bladder cancer clinicopathologic characteristics. Our investigations in the present paper are based on the hypothesis that CD44 gene polymorphism is associated with bladder cancer and may be effectively used in the risk assessment and genetic epidemiological analysis of bladder cancer.
Materials and Methods

Study Subjects
A total of 240 confirmed bladder cancer patients and 270 healthy controls were recruited in the present study. The patients were enrolled from outpatient department (OPD) of Urology. Those with a previous history of other cancer, cancer metastasized to other site of body from another origin and previous radiotherapy were excluded. 270 healthy controls (Mean age = 54.5 years, M:F = 249:21) were recruited from volunteers who came to the hospital for their routine checkups, unrelated to patients and were also age and ethnicity matched. The criteria for selecting controls included no evidence of any personal history of cancer or other malignant conditions or any other chronic diseases.
Among 240 patients ratio of male: female was 211:29 (mean age = 56.9 years). The disproportionate ratio between male and female bladder cancer in our population could be largely due to increased prevalence in males (3:1). The patients were subjected to detailed demographic, clinical and pathological investigations, which contained the details of age, stage, disease history, family history and other relevant details such as smoking history, occupation history and other lifestyle factors. At the end of the interview, a 5-ml blood sample was drawn into coded tubes. Informed and written consent was taken from all subjects when interviewing for the demographic details and blood sample collection. The Ethical Review Board of the Institute approved the study.
Epidemiology Data Collection
The demographic details were obtained by interviewing each individual. Individuals who smoked once a day for more than 5 years were defined as smokers. The individuals who had never smoked in their lifetime were regarded as non smokers. The demographic and clinical characteristics of the patients are demonstrated in Table 1 .
Clinical Data Collection
The clinical information about tumor stage and grade, intravesical therapy and dates of recurrence, radical cystectomy and pathological findings at cystectomy were provided by the urologists in our department. The classification tumor stages were as per the American Joint Committee on Cancer's TNM staging system [12] . Of the 240 total patients enrolled in the study, 180 patients had non muscle invasive bladder cancer (NMIBC) while the rest 60 had muscle invasive bladder cancer (MIBC). Patients with NMIBC at high risk (high grade, multiple and large tumor) were treated with intravesical Bacillus Calmette-Guerin (BCG) (n = 94). The patients with NMI cancer of low risk (low grade and single small tumor) were kept on cystoscopic surveillance and considered as non-BCG patients. Subsequently, all the patients were examined by cystoscopy after every 3 months in first and second years and later at 6 monthly intervals as long as there was no tumor recurrence. BCG treatment consisted of 6 weekly instillation induction BCG (n = 94). Since the number of patients receiving maintenance BCG was too low, we did not categorize the patients according to BCG regime for statistical analysis. The end point of study included tumor recurrence, defined as a newly found bladder tumor following a previous negative follow-up cystoscopy, or end of study time (60 months). Patients with invasive BC (n = 60) were treated with radical cystectomy with or without adjuvant chemotherapy, which included cisplatin, gemcitabine followed by periodical cystoscopy.
SNP Selection
The potentially functional polymorphisms within the CD44 gene were selected by using the HapMap Project database (www.hapmap.org) based on the GIH population data of hapmap. We used certain criteria for the candidate gene polymorphisms viz., a minor allele frequency (MAF) [10 % in Caucasian population; situated in the 3 0 UTR, 5 0 UTR, intronic and exonic regions of the tested genes which shows some biological significance according to the location within the gene.
Tag SNPs were selected from the Haploview software 4.2 (Mark Daly's lab of Broad Institute, Cambridge, MA, Britain) [13] , based on the GIH population data of HapMap (HapMap Data Rel 27 PhaseII ?III, Feb 09, on NCBI B36 assembly, dbSNP b126). TagSNPs that captured all the known common SNPs (with minor allele frequencies of .0.1) in the CD44 gene, with a pairwise correlation r2.0.8 were selected.
TaggerSNP rs353639 was found to represent the known SNPs in the haplotype blocks 3 and 4 in the CD44 gene of GIH population. Previously significantly reported SNP rs13347 in Chinese population also represents the haplotype block 9. rs187115 represent the known SNPs in the haplotype block 3. rs187116 represent the known SNPs in the haplotype block 2. In addition to these SNPs one more SNP, rs4755392 which is located on 3 0 UTR 98670 A/T is also included in this study. The LD Plot with SNPs is furnished in Fig. 1 .
Genotyping
Genomic DNA was extracted from venous blood by following standard salting out method [14] . Genotyping of CD44rs4755392 A/T, CD44rs187115 C/T, CD44rs13347 C/T and CD44 rs353639 G/T SNPs were carried out by using Taqman allelic discrimination assay. For the assay primers and probes were provided as predesigned assays by Applied Biosystems (Foster City, CA). Genotyping was performed with ABI 7500HT Fast Sequence Detection System (Applied Biosystems, Foster City, CA) using 96-well plates. Positive and negative controls were used in each genotyping assay plate, and 10 % of the samples were randomly selected and run in duplicates with 100 % concordance. The results were reproducible with no discrepancy in genotyping. The polymorphism in CD44 intron 1 ?4883(CD44rs187116 A/G) was genotyped by PCR-based restriction fragment length polymorphism (PCR-RFLP) analysis. The primer sequence used for CD44rs187116 A/G was adopted from a previous study [15] . Genotyping was done on 10 % Poly-Acrylamide Gel and visualized after staining with ethidium bromide. Positive and negative controls were used in each genotyping assay, and 10 % of the samples were randomly selected and run in duplicates with 100 % concordance. The results were reproducible with no discrepancy in genotyping. About 5 % of the randomly selected samples were validated by sequencing.
Statistical Analysis
The power of the study was calculated using Quanto software, version 1. 
In Silico Analysis
The possible functional effects were determined in CD44 gene by online web server F-SNP (http://compbio.cs. queensu.ca/F-SNP/) [16] .
Results
Characteristics of Study Subjects
Frequency distribution of the selected demographic characters of cases and controls are shown in Table 1 . There was no significant difference between the patients and controls regarding age (p = 0.138), and sex (p = 0.105). However, there were more patients with a habit of smoking (70.4 %) among the cases than among the controls (20.7 %) (p \ 0.001).
Genotypic and Allelic Frequency of CD44 gene Polymorphisms (CD44rs4755392 A/T, CD44rs187115 C/T, CD44rs13347 C/T, CD44 rs353639 G/T and CD44rs187116 A/G) in Bladder Cancer
The observed genotype frequencies of five SNPs studied in healthy controls were in accordance with Hardy-Weinberg Equilibrium. The genotypic and allelic frequencies of CD44rs4755392 A/T, CD44rs187115 C/T, CD44rs13347 C/T, CD44 rs353639 G/T and CD44rs187116 A/G gene polymorphisms in context with bladder cancer risk among patients and controls are depicted in Table 2 . No significant differences were observed in the frequency distribution of rs187115 and rs187116 polymorphisms between bladder cancer patients and healthy controls, both at the genotypic and allelic levels. We found reduced risk in variant genotype, TT of additive model of rs4755392 
Association of CD44 gene Variants at Genotypic Level with Smoking
We correlated the genotypes of all five polymorphism of CD44 gene (CD44rs4755392 A/T, CD44rs187115 C/T, CD44rs13347 C/T, CD44 rs353639 G/T and CD44rs187116 A/G) with smoking habits among patients with the help of univariate analysis by Fischer's exact test. For this analysis we stratified patients as smokers and nonsmokers.
In case of CD44rs187115 C/T the heterozygous genotype, CT was associated with reduced risk of BC along with the smoking habits (p = 0.035, OR 0.438 95 % CI 0.203-0.942). A significant high risk was seen in those carrying variant genotype, TT of CD44rs353639 G/T (p = 0.038, OR 1.960, 95 % CI 1.128-3.190). No association was seen in the other variants of CD44
CD44rs4755392
A/T, CD44rs13347 C/T and CD44rs187116 A/G with respect to smoking ( Table 3) . 
Association of
Modulation of CD44 Genotype Variants and Outcome After BCG Immunotherapy
For analyzing the association of CD44rs4755392 A/T, CD44rs187115 C/T, CD44rs13347 C/T, CD44 rs353639 G/T and CD44rs187116 A/G gene variants and the risk of recurrence in NMIBC patients, the further analysis was throttled only to NMIBC patients (n = 180). We analyzed the association of genotypes and risk of recurrence after BCG immunotherapy. We grouped patients into BCG treated (n = 94) and non-treated (n = 86) as these were patients of low grade tumors and did not require BCG immunotherapy. None of the polymorphisms were associated with risk of recurrence (Data not shown).
Association of CD44 Haplotypes with Bladder Cancer Risk
Recent studies have demonstrated that haplotype analysis may be more manifesting in risk prediction and association of disease compared with an analysis of a single nucleotide polymorphism, as individual polymorphism is likely to confer modest effects to the risk of bladder cancer. Considering this we examined the effects of CD44 gene variants by constructing haplotype sets, taking combination ACCGA as a reference as these five alleles were wild alleles from the entire five candidate SNPs. We found significant association with high risk of bladder cancer in case of 4 Bonferroni correction (TCCGG pc = 0.001, TTCGA pc = 0.0078, ACTGG pc = 0.0016 and TCTGA pc = 0.0012) ( Table 4 ).
In silico Analysis for the Functionality of CD44 gene Variants
SNPs rs4755392, rs187115, rs13347, rs353639 and rs187116 were selected for the present study. Their location in the CD44 gene is described in Table 5 . In-silico analysis using F-SNP showed change in transcriptional regulation for three of the candidate SNPs (Table 5) .
Association of High-Order Interactions with BC Risk by MDR Analysis
Multifactor Dimensionality Reduction (MDR) method is nonparametric, genetic model-free method for overcoming some of the limitations of logistic regression (i.e. sample size limitations) for the detection and characterization of gene-gene interactions. In MDR, multi-locus genotypes are pooled into high risk and low risk groups, effectively reducing the genotype predictors from n dimensions to one dimension (i.e. constructive induction). The MDR software (version 2.0 beta 8) was applied to identify high-order gene-gene interactions associated with BC risk. In our study, the best candidate interaction model was selected across all multi-locus models that maximized testing accuracy and the Cross-Validation Consistency (CVC). The MDR permutation results were considered to be statistically significant at the 0.05 level. All the variables identified in the best model were combined and dichotomized according to the MDR software and their ORs and 95 % CI in relation to BC risk were calculated. Finally, combined effect of the variables in the best model by the number of risk genotypes was evaluated using logistic regression analysis (Table 6 ).
Discussion
CD44 represents a family of class I trans-membrane glycoprotein and is involved in variety of cellular functions viz. proliferation, motility, invasion and survival [17] . Variety of function of CD44 depends upon binding of ligand-hyaluronic acid [18] . Any aberration in proper binding may lead to improper proliferation, motility, angiogenesis and metastasis in bladder cancer as well as other cancers. However CD44 polymorphism has not been studied extensively. Some studies are reported in breast cancer worldwide [4, 19, 20] , gastric or colon cancer [21] , head and neck cancer [6, 22] which states that CD44 is involved in cancer development and prognosis.
In this study we have studied five SNPs of CD44 (rs4755392, rs187115, rs13347, rs353639 and rs187116) among 240 confirmed bladder cancer patients and 270 healthy controls. We found protective risk of BC in rs4755392, rs13347, rs353639 and no association in the other two SNPs i.e. rs187115 and rs187116. No association was found after further stratification of patients on the basis of smoking habit, tumor stage/grade and BCG treatment.
In our study, CD44 rs4755392 revealed a significant reduced risk in BC as compared to the study of Gerger et al. [23] where they demonstrated colon cancer risk. Germline variant of CD44 rs4755392 revealed no significant statistical association in patients with localized gastric adenocarcinoma [15] and in patients with gastrointestinal (non-colorectal) cancer [24] .
Our study suggested a protective risk to bladder cancer in heterozygous genotype of additive model (CT), dominant model (CT ? TT) and variant allele (T) of rs13347 in contradictory to which a study by Jiang et al. [19] depicted 1.72-folds increased susceptibility in variant genotype (CT ? TT) to breast cancer in Chinese population. Another study by Xiao. et al. [24] showed functional variation CD44 rs13347 CT and TT genotypes were associated with increased risk of nasopharyngeal cancer in Chinese population. rs13347C/T in 3 0 UTR of CD44 found to be a genetic modifier for developing acute myeloid leukemia in Chinese population [20] . This tagger SNP did also showed no effect in breast cancer susceptibility in North Indian females [25] . The variation in results may be due to varied ethnicity and different disease. CD44 rs13347 is also studied at translational and transcriptional level which also suggested high expression in various cancers like bladder, breast, colon [26] head and neck cancer [27] . Another tagger SNP rs353639 of CD44 gene was also evaluated to see the effect on bladder cancer. We found reduced risk to BC in dominant model (GT ? TT) and variant allele (T) of rs353639. although, rs353639 did not show any effect on breast cancer susceptibility in North Indian females [25] . CD44 rs187116 and rs187115 in our study was not associated bladder cancer risk in our study. Recently, Vazquez et al. [28] showed that the C/C genotype of intronic CD44 rs187115 germline variation was significantly associated with decreased cellular response to cytotoxic chemotherapeutics including doxorubicin, carboplatin, RNA/DNA and DNA antimetabolites in vitro strongly suggesting a functionally significant role for this SNP in tumor cells of soft tissue sarcoma. However, haplotype analysis of polymorphisms rs187115 and rs187116 provided evidence for association with tumor recurrence in soft tissue sarcoma. Winder et al. [15] found CD44rs 187116 to be significantly associated with tumor recurrence in gastric adenocarcinoma, Zhou et al. [20] found CD44 rs187116 to be involved in breast cancer progression. The CD44 rs187115 polymorphism has potential predictive significance in oral carcinogenesis in Taiwanian population [29] .
The observations made so far in our study suggested that CD44 gene as well as its variants has a significant role in cancer development and prognosis. Nevertheless, this study provides the evidence for the first time that CD44 may represent one of the genes for the genetic risk of bladder cancer and CD44 polymorphisms may be effectively used in the risk assessment and genetic epidemiological analysis of bladder cancer among north Indians. This kind of hypothesis may be further used for individual specific cancer prognosis, if validated further at expression level.
Haplotype analysis among the SNPs is also done as these polymorphisms were in LD and can mask or change the genetic effects of those loci in the association analysis. We did the haplotypic analysis and got 26 combinations, out of which 4 combinations showed statistically significant association with BC risk. ACCGA is taken as reference and other four combinations viz. TCCGG (p = 0.005, OR 2.304), TTCGA (p = 0.039, OR 2.281), ACTGG (p = 0.008, OR 3.100) and TCTGA (p = 0.006, OR 3.235) showed significant high risk of BC. Our study was compatible with haplotype of CD44 variants significantly influenced risk of gastric cancer in Chinese patients [30] . Whereas, a study by Sharma et al. [31] showed reduced risk of gall bladder cancer in CCAT (p = 0.04, OR 0.47) and CAAT haplotype was marginally associated with low gall bladder cancer risk in patients from north India (p = 0.026, OR 0.53). Another study by Winder et al. [15] found T-A haplotype to be at low risk of tumor recurrence as compared with patients having T-G haplotype in gastric adenocarcinoma.
CD44 rs13347C/T SNP is supposed to be the strongest risk factor for BC among the polymorphisms examined in present study as an outcome of MDR analysis. Individuals carrying CD44 rs13347C/T-CD44 rs353639G/TCD44rs187116A/G exhibited 1.6 folds risk i.e. the highest risk for BC. The model with the maximum testing accuracy and maximum CVC cross is considered as the best model in MDR analysis. The present study calculated, the best interaction model as the three-factor model including CD44rs13347C/T-CD44rs353639G/T-CD44rs187116A/G. The reported results represent the same results as in case of genotypic level for the entire gene with significant results. Thus, combining the single locus analysis, MDR we found that single genetic variants in CD44 gene may not be responsible in conferring high risk for disease but rather a higher order gene-gene interactions are likely to be involved in genetic susceptibility to BC.
In-silico analysis using bioinformatic tool F-SNP showed change in transcriptional regulation for CD44rs13347C/T, CD44rs353639G/T and CD44rs187116A/G supporting the results obtained at genotypic level of these SNPs taken for current study while some of them differed; the probable reason behind it may, as in silico analysis is based on logarithmic base module that is not present in natural statue as the study subjects exist.
Conclusion
Our study suggests that rs353639 shows a marginal risk for bladder cancer susceptibility, whereas, rs4755392 and rs13347 have reduced risk of bladder cancer. The other two candidate SNPs viz. rs187115 and rs187116 had no effect on bladder cancer susceptibility in North Indians. To the best of our knowledge, the present study is the first to report a group of five SNPs of CD44 gene polymorphisms with bladder cancer risk in North Indian population.
